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Two new species ol large mussels (Bivalvia: M\tilidae) from

active submarine volcanoes and a cold seep off tlie eastern

North Island of New Zealand, with description of a new genus

Hiido \<)ii C.Ost'l

Museum National d'Histoire Natuivllc

55 Rue Buffon, F-T5()()5 Paris

FRANCE
eosel@uuilui.fr

Bi lice A. Mai-sliall

MuscMiii ol \i'\\ Zeahiuil Tc I'apa

Tou^arew.i

HO. Box 467. Wcllin^luu

NE\\ZEAL.\NI)
hnieeiiiO'tepapa.goN't.uz

.\HSIK.\t;T

Two new species autl a new iienus oi lart;e mussels from oil

uortheru NewZe;dau(l are ih'scrihed: BiitliiiiiKxIiohis tiiu<^(iroii

new species froui seeps (presnmalil\ iiielliaMc-ricli* oil ( ',ipc

Timiasjaiu and Cape Kidnappers at 920-12(1.1 m. and Cw'^r/ii-

tUhi.s iiliiditis new genus and new specii-s from active subma-

rine volcanoes on the southern Kermadee liidge at 21fi-755

ni. Giffnitida.s iiladnts is auatomicallv closer to the small, wood-

associated species of Idas [effrevs. 1876. than to am of the

large mussels curreuth' known from lixdrotliermal \euts or

seeps. A poKchaete of the genus Brdiuhipultinur Pettilioue,

1984, was found within the mantle ca\it\ of e\er\ specimen ol

Ciiiiiiitiiliis '•liidius.

INTHODUCTION

Fiillciwing the tlisccAen uf a umiihcr ol species dI larij;e

mussels associatetl with seeps aiul listlrotlieruial \cnts

from the eastern Pacific, [apan, Fiji, the (lariliheaii. the

Ciulf of Mexico, and the Mid-Atlantic Hidge (Kenk and

Wilson, 1985; Cost-l et ah, 1994; Hashim(')to and Okn-
tani. 1994: and references therein), examples ol a related

species were ohtained In eormnercial hshing at tx\(.) sites

off the east coast of the North Island of New Ze;d;uul

(Lewis and .Marshal!, 1996) (Figure IS). This mussel,

here referretl to as the genus Batlu/iuodidliis Kenk and

Wilson. 19S.5. occurs on slojie ridges landwaril ol the

accretionar\ piisui ol the ec}n\ergenl i^;icine-.\ustr;dian

plate.

.\ second. luueh largei' species w;is ohtained subse-

queutl\ li\ dredging during sune\s ol ;icti\(' su!im;u'ine

Xdli-anoes present along the southeiii KeiiiKidec \w oil

northeastei-n North ishmd ( P;irson and WVight, I99(i:

Wright, 1994, 1997: de iioiule et ah. 2001: and refer-

ences therein* h\ ihi- Naliou:il Instilulc ol Water and

.\tmospheric Researih. Wellington fFiguii- 42 ,

Institutional alihrex iiitions used lu the text are:

MNHN, Museum N;itional dllistoiic Naturelle, Paris:

NMNZ, Museum oi New Zealantl Te Papa Tongari'wa,

Welhugton; NiW'.-\, Natiou;il Institute ol Watei' and M-
ino::pheric Research, \\'ellington.

SYSTEMATIC:S

SuperiamiK .\l\tiloidea Rafines(|ne. 1S15

F'auiiK' Mxlilidae Rafines(|ue, 1S15

(ienus Bdlhijiiuxlitthis Kenk and Wilson, 19S5

Hiilliijinodiolns Kenk and Wilson, 1985: 255, T\pe species (h\'

(inginal designation): B(itlii/iiH>dii)lii.s thennophilii.s Kenk
and WiKou. 19S5: 1-lecent. C;ilap:ii;os Rift.

Ballxipnodiohis lauiuiroti new species

(Figiu-es 1-1 :>, 1 5-] 8: Tahle 1)

;iff BathipiuHliolns sp.— Lewis ;nid \l;usliall. UW6: I8,-5; 186.

fig. 4: 187

Biitlii/modiohis sp. —Cosel and Olu. 1998: 658.

Biilhi/iiiixliiihis sp. II. —Cos<L 21)02: t:ihlc> 4.

Dcscriplioii: Sliell largt', up to ahncjst 200 nun long,

elongate, somewhat aduliiorm, ratiier thick ami solid, ex-

terualK' with well-de\elo[ied, irregular growih lines: dnll-

whitisli IxiK'atli periostr;icuui: iulerualK nacreons-i\on.

Beaks sulilerniinal, at about one-se\enth total shell

length in adults; umbones \eiA broad, flattened. Height

gradiialK increasing posti'riorK, markedK' ciuAed dorso-

\entrallv, most infl;iteil at iiliont micLlength. e(|ui\;il\e,

length/height r;itio 2,5-3.2. Few specimens soniewluit

twisted, .\nterior part sliort, rather narrow, protruding

nose-like auteriork'; anterior margin narrowK' but exeidx'

rounded: \cntral m;irgin uiarkedK concaxe o\er:mlerior

IkiII. j'osterior m:n"gin e\cnl\ roundeil \entrall\. convex

iloisalK: p<istei'(i-dorsal augidatiou well-defined, round-

ed, situated above posterior adductor scar, close to pos-

teiior margin. Prodissocouch imkuown. Peiiostracum

thick. liiU'd. daik brown, smooth, glossv to somewhat
dull, no periostr;ic:il luurs ;livss;i! eudplates ol other

s|ieciuiens scattered over v, lives'. Hinge (adults' tooth-

less, anterior hinge margin wcakK protruding veiilraliv.

Ligani{>nt opisthodetic, ver\ .strong, extending over



Paw 32 THE NALTIIA'S. \ol. 117. NO. 2

Figures 1-5. liiilliiiiiunlU'lus laii<^aroii new spctn-s. Iloiohpc. Madden Basin isiicll Icii^tli !<)<). fi mm WIN/ M. 15S2S-4i. 1, 2.

I'Atcrior and inlcriDi (il riillit \al\('. 3, 4. Interior and exterior ol lelt \ai\('. 5. Dorsal \ie\\.
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Figures R-9. Balliiiiiuidiiiliis Imi^iinia nrw spt-tk-s. 6, 7. Pura(\pr S. Madden Basin islicll lfiit;tli 1 lo'i niiii, \M\'/ M.loS22T
S', E\l<Tii>r and inliTidi of riaht xaKc S, 9. l'arat\pc 3. Tape Kidnappers isliell li'nijtli UiTS nun, \M\Z M. 1 ITSyO/o). Lateral

and (ilili(|ne \entral \ lew ol nilennr dl ri^lil \al\e willi iiiusele seais and pallia! line ln^lili'j,liled
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ip dd
I'igurc's 1()-I4. liiitliijiiiiiiliolus liiiii^HiiHI new spccii-s .iml (.'.hjjiiitulils ijiidilis new species. liaH-selienintie Jia\\lliL;s, 10, 11.

niodiiiliis taii'^iinm. paratype 3, oUCape Kidnappers (slu'll Ieii<,illi IHT.S WIN/, VI, 117.S9()/;5I. 10. Sketches of l(M)t-bvssii,s r

ooinplcx in left lateral i 1()) and doi-sal ( II i \ie\\ and its sitnation in tlie sliell. 12. Hiilhipiuxliobis liin^iinm. parat\p' 5, oll'Cape Kid
(shell Icntrtli I6l..i inni, MMIN'l. Interior of ri'Jit \alve, showing muscle sears and pallial line. 13. Hdlliijinodiohis l/iii^iinxi. pai

.Madden Basin (shell lent,tli 177.9 nnn, WIXZ \l I.5S227S' Oorsallv ()peni-<l stomach (scale har = .5 mm). 14. Ci'^anlUlns
parat>pe 3, Hnnihle \' (shell len..,tli 27l.:i mni \\l\/. M |.vWSS/:Vi, DoiNalK opened stomach (.sc;lle bar = 5 nun) (his;, hciiinninu oi

intestinal i;r(«)\i'; M. diijestive diverlienla dnel (enliance'; iij;. intestinal liroovc: Ip. liil poneli: oe. esophaiius).

Bcillii/-

etractor

nappeiN

at\pe I.

Iddiu.s.

inin<' oi
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Figures 15-17. BiillnjiHiidii'liis tawz/irna new spec n's 15, Ifi. Parahpe 3. {,'apr Kiduappirs sliill Ienn;th 167. S iiiiii, .\M\/,
M. 1 1 7S90/3 1

.
15. \riitial \H'\\ (il aiitrnur iiid. siidwiiiij; tliin, traiis\t'i"Se part (li iiiiicr mantle luld. .uid \entrall\' groo\"ed ioot. 16.

Wntral \if\\ nl pcistenm fiiil. sliowiiii; \al\ ulai siplioiial iiiriiilii<inc (arrow ) without iiifdian pajiilla. 17. Paratope fi. Cape Kidnappers

(sliell lent;tl] IWI i XMXZM. 1 17S9()/(i). Neutral \ie\\ ot anterir)r end. sliowiu'.^ labial palps (arrims).

about five-sixths of postero-dorsal margin in front oi pos-

tero-dorsal coriR'i', and endinii; ahruptK posti-riorK; lig-

ament plate wi'akK !(> stroiigK con\'ex. Subligamental

sludl ridge well (le\el(ipial, in some specimens dixided

into a seeondan lidge that extends tr(un undei' nnilio

for about a third ol ligament length: prinian riilge ex-

tending posteriorlv behind umbo, betxveen ligament and

seeondan' ridge, and lieconiing obsolete shortlv before

posterior end of ligament (\isible onlv from xcntral per-

spective). Adductor scars well defineil. .\ntei'ioi- adduc-

tor scar siiort. situated just in front of umlio. Posterior

adductor scar rather large, more or less rouniled, united

with inost |iostcrior scar of posterior pedal ami b\ssns

retractor nniscle complex; anterior scar of this complex

well separated, sen' long and itself di\idcd into isolated

impressions, extending posteriorK from muler middle ol

ligament. Anterior b\ss\rs retractor muscle scar situatetl

deep uiidei' beak on anterior part of UTiiboual ea\it\ (\is-

ible ouK li'om \entral peispt-ctixel. I'allial line cuiAiug

parallel to \eutral margin.

Aiiatomv: ( 'tenidia long, narrow, aliuut T.i'; ol shell

length (125 UMUlong anil 13 mmwide in IfST mmspec-

imen), outer and iimer demibranchs of e(jual length, fil-

aments broad and flesh\. food-groo\e not detected

(probabK because of poor fixation). .Ascending lamelhu'

ol outei' demibrauch anteriorK' fused lo niantle lor a

ver\' short distance, those of inner demibiauch luscd to

visceral mass. \o muscular longitudinal ridges on mantle

and visceral mass where dorsal edges of the ascending

lamellae attach, nor connection bars between free edges

and gill axes. Inner mantle folds separate along entire

ventral margin length from anterior adductor lo poste-

rior margin; edges slightK frilli-il over most ol length.

more undulate along posterior 30-50 unn; terminating

anteriorK o\ei' ;uiterior ailductor, folded back directK

onto muscle and conliiunng o\er it as a thin, delicate,

inconspicuous membrani'. \aKulai' siph(in;il membrane
short and thin, without median papilla. I'dot-lnssus re-

tractor muscle complex moderatek elongate; anterior ri'-

tractor rather short, ven broad, inserted in anterior part

of long unibonal ca\it\, most anterior point under beaks

(lanal shell). Posterior bvssus retractor comprising sev-

ir;il diverging muscle bundles with common fiase at base

ol bvssus: anterior part comprising 3 bundles attaclieil

to ven long scar at about nnddle of valves, at about a

right angle (most anterior bundle) and about SO and 60°

to longitudinal shell axis (second anil third bimdle); pos-

terior part consisting of 4-5 bundles passing towards 2

attachment points, most posterior liundle just before

posterior addiiclor. Posterioi' foot retractor long and

thin, arising Iroin ;uilerior side ol base of foot behind

base of anterior retractor muscles, passing parallel to

longitudinal shell ;Lxis towards anterior bundle ol pos-

terior bvssus reti'iK'tor. then bent d(us:ill\ to .ittachment

point, where closidv appressed to anterior biuRlle oi pos-

terior bvssus retractor. Foot relativelv small, 35 unn long

(bvssal orifice included i in :i specimen of KiT iiiiii shell

length. Two pairs ol l:(bi:il p:ilps present. :mteri(ir p:iii'

relativflv sni:ill. posterioi' p:iii' long ,ind n,irniv\l\ Iri.m-

gular (respectivelv 7 mmautl 12-13 nun long in a IW)

nun speciinen). Intestinal tract narrow. Stomach situated

just behind middle ol anleiior liiillOI shell length, sim-

ple, thiu-v\alled, anterior chamber ill-defini'd, posterior

chamber longer. I^ivertii'ular entrances 13, 7 in anterior

cli:nnbei', :uid fi in posterior ehamber. Depression cm

posterior left sitle corresponds to lelt pouch. Nbdgiit
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Fijjurc IS. Ii.illi\ iiii'tnc rliart (il caste -iii cnilr.Ll Xcutli Island sIi(i\mii'4 loi aliliis Idi Hiitlii/iiiiiilinlii^ liiiitldruii new species. Isobaths

at 1(111(1 III iiilcnals. scaflom sliallnwci than KMIO in shadcil hasc map c(iiiilcs\ \I\\A lailapleil'.

liniiiin'j; posleiiiiilv straii^lil and iiieihalK Iniiii llie stiiiii-

ach, iirider \ cut ilcle and cnlciliii.;; xiiiliic le jiisl ni IkhiI

oi ostia. witliout an\ loop or ciine: Ix-liiiid licai't. inlcs-

tiiic passing o\cr posterior addnctor and xentralK on its

Tahle 1. Iiillliiiiiiiiilii)lus hni'Unod new species. Shell iiiea

sureniciils (iiiMii and proportions. Pural\pes o. 5, and (i li

oil Cape Kiiinappers. others Ironi t\pe loi"ilit\

Leiip;th
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Distril>iiti()n (iMiriirc IS): ( )ir soiillu aslcrn Xoilli Is-

land. \c\\ /ralaiid. li\iii<j;al J)2() 1203 in,

Biolopc: ( )ii hard liottoin on the slope rid;j;('s land-

\\,ii(l ol llic aciTctionan jirisni ol Hie coiimt^ciiI Pacilif-

Anstraiian plate, wliere pinines ol soii.n relleelive waler.

presnnial)i\ rieli in lixdroe.nlions. rise Ironi llie seahed

(lor details, see Lewis and Marsliall. h)0(i ' i|''i'j;ine IS).

We |)resiiiiu' tlrat the niiiss(.'ls lixc at these enii.ssioii sites

and ai'e nonrished 1)\ niethane-inetaholizin'j; sMiiliiotic

liaelei'ia eoneenlrated in their enlar!j;ed Lliills ((^lildress

et al.. I9S(1, iMsheri-t al.. 19S7: 'rnnnielirh'. 1001: ilio et

al.. 1002; and relerenees therein >

Etvln(>I()s^^: Named alter the .Maori sea^ml 'iawj^nrtui

Remarks: Btilliiiiiioiliolns tuif^iiroa is slroiiL!,l\ eliar-

acterized i)\ its niarketlK euned shell and distineti\cl\

(ionpite-cuiieilonn outline: no other species has this

shape. BathijUhHliiihis lu-ckcrtic (aistalson el al.. lOOS,

Ironi the Caili ol .Mexico, is ol siniilai' si/e rani^e hut

iiiori' slender and less ciined, with thinner-walli'd vaKcs.

lidthilimuliohis h(>oim'rn}i<i C^osel and Oln, I99S, Irom

the l-i.ninidos Accretionan Prism, is thinner-wallecl,

nioi'e eloniratc, and considerahlv larger. HdlhijiinHliiihis

liiriior Cosel et al.. 1994 (Ijaii l^asiii and .North Fiji

Basin). B. piitcoscrjHiitis Cosel et al., 1994 ( .Mid-.Atlantic

Ridge), and B in(iii\iiiiliiii\ Ilaslninolo 2001 illodri-

guez Triple |mictioiil. are shoiter and stonier llian B

tan^iirnii. with ,i inarkedK broader anterior nKn;j,ni

BfitliijiiKiilidliis childrcssi C^ustalson et al., 199S, Irom

the (aill ol .Mexico has the cuneilonn shape ol B liiii-

lldi'ttn. hilt is iniieh shorter witii almost terminal innlio-

nes.

Biillii/iiiii(li(>his Idiiiiiinxi dillers Irom BdlltiiinoilUilds

species lor which anatomv is known in that the inner

mantle lold is inncli thinner, more delicate, and less coie

spicnons w lieic it extends tians\ersallv (ner the aiilerioi'

adthictor. BdthijdHHluilns tdiii^drod differs Ini'thei' Irom

all species other than the group comprising B childrcssi.

B philiji'idis ilashimoto and ()kiitain. 100 1. B imntri-

Idiiicus (!os<'i, 2002. .aid an nndeserihed spi'cies Inim

Harhados i enrrend\ niideislniK li\ IS. \ .

(
'.

i. 1)\ its innl-

ti-linndle loot-l)\ssus-retractor complex. The [loslerioi'

retractor in B Idiiiuirod. lioweNcr, is nnu'h longer than

the anterior one. rat liei tli.n I Mce rersv; as in B childrcssi

(see (iust.ilson el al.. I99S: 77. fig 13' ami the nnde-

serihed species Irom Barliados leoiidition nnknown in B

jildtifrous and B niduritdniciis). .\nother common lea-

tnre of B childi'cssi. the nndeserihed 15arhados species,

and /i' Idicuirnd is the lack ol a p.ipilla in the middle ol

the posterior ol the \al\iilar siphoiial memliiane Ihus
/)'. hniiidrixi eannol he assigned lo ,iii\ ol the lonr inlor-

nial subgroups ol Bdlhijinodichis defined fi\ ('osei

(2002). specificalK the B thcnitophihis group (one spe-

cies), the /> /jrcr/er group ifi\e species), ihe B hccl<crd('

group itwii spe(.'ies) and the B. childrcssi group ilonr

sjiecics)

' )l the II specimens examined, one deiiglh 177.9

nun, paratxpe .MNIl.N) containetl a poKx-Jiaete worm of

the genus BrdiKliipoh/doc I'ellilione, f9S4 (length 32.5

mini, which was silnaled in the niantle i.a\il\ alio\e the

l)\ssns.

Giildiilidds new genus

T^pe .Species: Ci'^ni/idds Judius new species: Re-

cent, .New Zealand.

Diagnosis: Shells allaming \en large size (length up

to 31fi mm), cxtrcmeK sleniler. Unil)ones at ahoiit 2Wc
of total sh(41 length. |n\eiiiles ( <.5 nini) with periostracal

bristles, .\iiinial Willi \er\ long, rather narrow, flesln cte-

nidia. Inner mantle lolds entirek separate, tei'ininaling

anteriorK o\er anterior adductor, edges fi'illed along pos-

terior 3/4 ol shell length No \al\nlar siphoiial nieiii-

biane. Inner iiiantk' lolds below posleiior addmlor w itli

a deep cl(4t between l(4l and right mantle lobes. l'"oot

x'erx small, anterioi' retractor inserting on shell dircetk

abo\e anterior aikhictor. well in front of umbonal caxitx,

both muscles lorniiiig a common scar.

Remarks: Ihe large size .iiid biotope ol Ciiuntlidds

'jjddids inxiles inniiediate comparison with large mnsst'ls

ol the geiiiis Bdlhi/niiididhis, from all of which, how (ner,

it differs b\ tiie absi'iice ol a well-developed \al\nlar

siphonal membrane at the posterior end, and the ab-

sence of a conlinnation ol the inner mantle lold acioss

the anterior adductor Irom one \al\e to the other. More-
over, unlike Bddii/iiiodichts species, the attachment

point of the anterior retiactor is not situated somewhere
within the umbonal ca\ it\ but well in front of it, on the

nairow anterior part ol the \aKes close to the antero-

dorsal margin. In Bathipiiddiolus, the anterior adductor

and retractor muscles are situated close together at their

attachment point, especialK in species witli terminal uni-

bones, but remain well separated tln'ough ontogenx'

(Figure 10; see al.so Co.sel et al.. 1999: figs. 12. is'. 22.

59, 60. fil ). In (ViiifDilidds iJddius both muscles are in

contact at their insertion point and form a common sear.

\ er\ \oiing speciiiieiis ol (',. ^Jddius have periosti'acal

bristles on the poslero-dorsiil part, whereas these lia\e

iiexer been recorded Ironi Bdlhiiinoilinhrs species at aii\

stage of gro\\th (e.g. (.'osel et ak. 1994: Hashimoto and

Okutaui. 1994; Cosel and Oln. I99S: Cosel et ak. 1999).

The ;itt;icliiiieiil |)oiiil ol the ;mte]'ior retractor in Ncn
Miiiiig specimens ol (,'. '^Iddins ( <5 iiinii is in the um-
bonal c;i\il\ as III adult Bdlhijtncdidhis sjiccies. but with

increasing shell size it progressixcK shifts anteriorK from

the anterior jiart of the umbonal ca\itx to a position un-

der the ant<'io-dois;il m;ngiii. reniainiug xcn close to the

anterior adductor throughout ontogeux. The onK other

large mussel known in which the anterior retractor scar

is situated m lidiil ol llii' nnibon.il cavitx' closeK' adjacent

to the .Ulterior adductor scar, is an nudescribed species

Irom the k.iikata Seamonul, |apan. .According to Hash-

imoto and llorikoshi's 1 19S9) illustration, tkie retractor

scar in the |a]ianese sjiecies is \-ei"X' close U) the adductor

scar but not in eoiit;iet with it. and the tx\o bundles of

the ])osterior reti.ictoi are well separated. The [apanese
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.species, wliicli ina\ tliiis belong in (Uiiaiilidds. is smaller

and more strongK fni-\c(l than (.'. iilri(liii\. and was

lound bnrrowing in sediment on a dormant sniimarine

volcano.

.\natoniicall\, C. iihidiii'^ most closeK resembles llie

nuicli smaller nnissels ol the genns /r/r/.s- Jeftre\s. IS7(i

(t\pe species /. ar^^cntciis lelTreNs. ISTfi; Norlli Atlantiii

(/. japoiucfi np to S.9 mmlong), wiiieli li\e at similar

depths associaltcl witli (lcea\ing wood and wliale bones,

and Bi'Hthomodioliis Dell. 19S7 (t\pe species B. li^iiimhi

Dell. 19S7: \e\\ Zealand) llengtii np to 17.) mm), wliicli

li\es on dccaving wood. In the aiisenee ol animals ol llie

t\pe species ol Idas lor comparison, we have had to base

onr comparison on sjiecimens of the New Zealand Idas

species identified b\ l^ell (19S7) as /. japnuicd illabe.

1976) (NMNZ .\1. 75022). This spei'ies and C. oladius

share a similarK-siiaped jiosterior entl of the inner man-

tle fold, with a short narrow, deep eleft between llie ielt

and right mantle lobes, and no \al\nlar siphonal mem-
brane: and lack of tnbnlar jirolongation <il the exhaleiil

sipiion I'eriostiac.il bristles are pii-sent in both species,

though onK m |n\eniles ol (.' 'j^hidiiis Hcndimnoduilus

li<lincol(l aTid (.'. jjiidius both lia\e peiiosl lacal bristles.

and lack a \aKnlar siphonal membrane, and .i tnbnlar

prolong.ilion of the exiialeni siphon. (
'.i'j^iliil id(i\ thus dif-

fers from Idas piimariK in the exceptional si/e and the

biotope of the t\pe sjiecies. and in the migration of ihe

insertion of the anterior retractor to a position in liont

of the nmbones.

.Species ol Adipicola Dant/enberg. 1927. which attain

ii]i to ol.o mmin length, are also similar in gross facies.

Since soft |iarls ol the t\pe species i Modii'liin-ii iichvj^ica

W'oodwai'd. IS.")4 w<'i'e not a\ailable lor sliuK. we used

New Zealand species referred there li\ Dell (19S7.

1995). for compaiiMiii. nolabk \ iiiriirililis Dell. 1995.

a species with a slender, ciir\ed shell, living on whale

bones. In contrast to C.;. <j)(idiu\. the innei mantle folds

of .\, iirriiiililis ai'e iiiiieh llnmiei and less Irilled, bill a!

the posterior end. espeeialK o\ei the posterior addnc'toi.

tlie\ are iiiiieh iiMiie broadened to loini a long, thin lobe

that extends posterioiK belo\v the exhalent si|ihoii. In

contrast to the condilions in / jiii)<iiiiru\ and C, i^ladiiis.

a \aKiilar siphon. il membr.me is pieseiil in \ (ii'ciialilis.

bnt reduced lo a narrow lians\eise]\ \ei\ short rim

without .1 papilki. \loieo\ei. \ (iiiii(ilili\ has a long. In

bnlar e.xhalent siphon and no perioslracal biislles al aii\

stage ol growth. Adipicitld ossrorola (also associ.iled with

whale bones! lacks perioslracal bristles too. and has a

tnbnlar exhalent siphon though shoitei than m .\ r/r-

CHdlihs.

From the sniii ol simil.uities and dillerences. wc con-

clude that there is a close lelalioiiship between Ci'^du-

lidds. Iilds. and Bmlhoid(idiolu\ ih.il Xdijiiinld has clos-

er alfinities with Bddii/iinHliolus and that all ol these

genera lorm a single |)h\logenelic r.ulialion williin the

M\tilidae.

Gi^aiitidas '^hid'uis new species

(Figures 14. 19-13; Tables 2, 3)

Description: Shell e.xccptionalK- large for a nnissel, up
to .')f'i nini long. 54 mm \\\'^\ and 5fi nun broad. e\-

li'emeK long and sleiidei-. lather thin lor the si/.e bnt

solid, dull-whitish beneath dark periostracnm, inti'rior

nacreous-white. ( )utline somewiiat variable, irregular,

hilK grown specimens ilongate-aduliform or beail-

shapeil. slighlK enrxed dorso-\eiitralK. most inflated

about middle or shortK behind it. ei|ni\aKe. lengtll/

height ratio 4.7-fi.2. Half-grown specinKMis alri-adx slen-

der and bean-sha]X'd. \-er\' voung (length <fi() nun)

specimens more oj- less straight, iieaks in adult speci-

mens al about anlerior (|narter. .\nterior part narrow.

stniiigK prolinding aiiterioiK; aiiteiioi' m.irgin narrow'lv

lounded, ventral margin straight to \cn slightlv concave

over anterior half, middle /one of ventral margin mark-

edlv concave, straight |ioslerioiiv. and slightlv convex in

posterior Htth. Posterior margin broaclK rounded, pos-

tei'o-ilorsal margin weakK convex; postcro-dorsal corner

broadlv lomuk'd or not defined; highest part of the vaKe
situated there. l-Atenoi dull, with vvell-de\ eloped, irreg-

iikn' commaigiiKiI growth lines. Rounded, pronounced
posterior angulation rniming from iimboues towards

v<'ntral part ol posti-rior margin, bnt becominti obsolete

on Ikitteiied .md broader posterior p.iit sitn;ited ;it ;ibout

l/7tli ol shell length. Similar but iiinili shorter anterior

angle from umbo to vcntr;il |);irt ol anteiior margin, I ni-

boues extremcK elongated. i';ither prominent. I'inc ra-

di;il striae niiming Iroiii bt';iks to anterior, ventnil and

posteid-v entr.il iiKirgiiis. visible niosllv on ventral p;irt of

valves, sometimes slightlv cli;iuging direction ;it com-
iiKuginal growth lines. Hadial striae weakK reflected on

shell interior niostlv veutralK. On postcio-ilorsal slope

stiKie leplaced bv low. broad lougitudiiuil waxes that bi-

lineate tovv;ii'ds both dois;il ni;ir>j;in ;md posterior ;uigle

(i''igure .'55). Posterior angle smooth, in dorsal or ventral

view, broadest p;n1 of shell lornied bv jiosterior angle.

Second bio;idest part ;il .uileiioi ;mgle: si'ction under

nmbones lu'tween .mteiioi ,md posteiior auiile about

SiiiiK' width as iuileiioi ,in'j,le. in large specimens even

slightlv constrii'ted tlu'ie l l''igure 271 in some speci-

mens whole shell often more or less spirallv twisted. Lig-

ament pl.itc almost straight to sliglitK convex, i'erios-

liiienm strong. d;uk brown, iimboual region :ind area

inidei nmbones light brown, glossv to somewhat dull.

smooth, veiv voimg spci-imens ( 3-(i mm', however with

slioil pel iosti,ic;il bristles dnss;d elidphltes ol other

specimens commonlv sc.ittered over surface of valves).

I liiige in ven vdiin;^ specimens inp to about 5 unn long)

with row ol siiuill denticles ol similar si/.e. extending pos-

teiiorlv Iroiii liu.mieiit t<i posti'io-doi s;il ;iU'j;ukilion.

tootlil<'ss in l;ii',;ei speeimins Aiiteiioi liiii^e m,ii"t;in

liardlv prol riidiiig low;iids veiili.il, il .it .ill l.iL;;mieiil op-

isthodetic. stroii^. extendiug almost over whole of jios-

tero-dors;il margin and ending posteriorlv 10 20 mm
ispeeiiiieiis 200 270 mmshell length' in Iroiil ol |)os-

teioilols;il corner, either .iblliptlv or in a r.lthel" short
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Fisjures 19-24. Cw^(//in(/(;,s isladtiis iii'W spcLU's. 19-22, 24. HoloUpe, Rumble \' isliill Iciiatli 2(i() iiiiu. M\\.\ 11. 790). 19-21.

I'Atrnor. interior and oblique \entnil \ie\v.s ot risilit \al\e. 22. E\terior ot left \al\c, iiinscli' sears and pallia! line hi<4hliij;lited 24.

Clo.se-up \'iew of posterior part ol right \ahe to sliow seulptnre. 23. Prodissoconeh ol |n\eiiile pai.il\pe Ivoni 1-innible 111 \\l\'/

M. 15S285). Prodis.soeoneh I antl II boundaries arrowed (.scale bar = 2(10 nni).

tapei'. Sulili<j;aniental shell n(l<j;e well (le\el(ip(<l Iidi

der uniboiics to about one-hall ol h'^.tniiiil length

heeoniini^ 'j;ra(hiall\ obsolete. \isil)li' under the i

ouK Irom \entral perspeetixe. .\d(lnetor sears eleai'i

fint'd. .\nterior adductor .scar rather lariic arched,

ated well in front of uinho. near antero-dorsal ni;

iniited with anterior retiaetoi' innstle scar I'osleric

ductoi" seal' lari^e. rounded to snl)an<^nlar. muted
posterioi- sear ot posteiioi' pedal and bxssus reli

nuiscle scar. .Xnti-rior scar ol posterior retractor wcl

aratetl, situated between third and last (juarter ol

II iin-

Ihell

I leaks

l\ d,-

situ-

u'ljin,

ir ad-

wilh

ictoi'

scp-

liiia-

nient leu'^th. Anterior Inssiis retractor iiiiisi'je star di-

rectk abo\e anterior .iddiictor scar and united with it.

\M'1I in Iroiit ol unijioiies, i'.illial line almost parallel to

ventral iiiar'j;iii rroilissoeoneh with 'j;loss\, oxate. pinkish

pmple. sliarpK delniciled. prodissoconcli I S3-]()0 |j-m

wide, prodissoconeh II 430 |a.ni wide (dexelonnient

planklotnipbic).

.\natoiii\: < 'teindia \en Ioiil; and narrow, length more
than 759( ol shell length (7S9( in shell 271 nun lonj^,

'S4'7f in .316 uim spcciincn); 14 nun broad (outer dcmi-
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Fimires 25-30. C.i'Ziinluhis 'Jadins new spi'cics. 25-27. I'aratxpc I. Huiiiliic 111 islull 1(

25. I-Mcriiir ol Idl \aKc. 20. I'Ati'rior oi' riiilil \al\c. 27. Dorsal \ic\\. 2S '"' " "' '

\\I\/. \1, 1519SS,:ii, 28, 29. I'Mcrio

• !Mnu icii^li 316 iiiMi. NMXZM. I.5UJSS/1).

30. I'aiatypc .>. Kiiiiihlc \' islicll \vw<).\\ 271.3

n" and iiiliiHir cil Iclt \aKr 30. Ncnlr.il \ii-\\.

iiiin.

hraiic'li) ill a 270 mmspctiincii: outer and inner ileini-

l)ranelis ol e(|ual Icnsitli, filaments hroad and llesln. As-

cending:; lamellae ol outer demilnaneli anIerioiK Insed

to mantle lor a \vr\ short distance (about 5 nun', those

of iimer demihraneh Insed to visceral mass. Wntral edsie

ol eac-li demihraneh wilh a wclhmarked lood-<4r()()\e.

broader on inner deinibraueh. No nmsenlar loniiitudinal

ridges on mande and \iseeral mass where doisal edges

of (he ascending lamellae adaeh. and no connection bars

belween {wi- edges and gill axes, limer nianlle lolds seji-

arale along whole length ol Ncnlia! m.ngin Irom anterior

adductor to posterior margin, llicii' idgcs l|-illed along

|)ostei'ioi' lillh 111 slicll length oi' e\cn less, beeoining

smooth towards anteiioi. lerminatmg anlciiorK oxi'r an-
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Fiijures 31-3(S. ('.i<j,iiiiti(lfis ^Jadiiis new species. liaH'-sc-lieiiiatle (Irawinws. 31-33. I'aiatvpe 3 isliell lenijtli 271.3 iiiiii. \M\Z
M, 154ySS/3i, 31-32. Sketelies of IcHit-lnssus retractor complex in left lateral (31 ) and dorsal (32) \iew and its situation in the sliell.

33. Interior of ri<j;lit \al\'e showinjj nmscle scars and pallial line. 34. I'arut\])e I I sliell lenij;tli 2()fi..l nnn. \\I\Z M.15498.S/1 1).

Interior of right \al\e showins;; muscle scars and pallial line: location oT concealed anterior bundles arrowed 3.5. I^irat\pe 7 (shell

length 245.5 nnn, XMNZM. 154988/7). Exterior of left valve showing orientation of fine sculpture. 36-.38. Hi^lit \al\es ol |n\emle
paratopes. Rumhle 111 (lenu'ths 72. S mmi.3fi). .39.8 mm(37> anil 34.7 mm(.38). N.MNZ \l 158285).
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Fi_14iiiv;U)-4l. C.i'j^aiil 1(1(1'. 'jl(u!ui\ new species, :}!). I';ir,il\|)r II KuhiIjIc \ islirll lrii'j,lli 2(Ki.r, imii WIN/ \1 l")49SS, 1 I i.Xcntial

view ol anterior ciid .sliowiiij; iiuuitle e(lt!;e. aiilerior ami poslenur lalilal palps (arrows', eiilan^ed ijilis. xeiitralK-siroiAed loot, and

ah.seiicc of transverse ])art of inner mantle loM, 40. I'aratxpe 1). Hunihle \' (shell leii'j,lli 2:>1.2 nnn, MMIN). \cntral \iew oi'

posterior end sliowins; nniscnlar eonneelioii, elell postenorK (arrow ' ami with xesti'^e ol \aKnlar siplional memliranc anteiiorK. 41.

Para.sitie worm HrancliijioKnoe sp. i len'^tli 1 1 mm> in sitii w illi associated lesion on .mterioi mantle edt;e ol paralvpe 9 ol (J. >;ladins

(shell leii.rdi 2.51 2 nmi MMIM.

tcrior adductor and loldini; l)ack dircelK onin addiicNii

hut iKit eoiilininii^ lians\ersall\ ii\er il as a nni to iiiecl

ni.uitlc liild (il cipposile side, \al\iilar siplidiial nieni-

hraiic ahscnl: liowcxcr. inner iiiaiitlc liild loldcd \cii-

tralK' and l)i'coiniii<4 xcw sirow-^ and stroiii^lx Irilled. w illi

a deep elell lielween those ol rii^ht and lell \al\e. Fool

\vv\ .small: leniilli .'Il mm(l)\ssns orifice included' m ,i

spwiincn ol 270 mmshell Icniillr I'liol li\ ssus relr.ielor

mnsclc complex extrcmcK clonij;alcd, liul anterioi' ic-

tractor rather short. .Vnlerior rclracloi' in a(hi!ls inscrliinj;

immediatcK al)o\e anUaior addiielor. near anicio-dorsal

man^in, and well in lionl ol umlioual ea\it\. In \ei"\

\oimii specinK'US \- 7-) mmlon^i attachment jioinl is well

within anterior ])arl ol umhonal ca\il\ ihon'^h still close

to antci'ior adductor, atlacluuciil pomi mii^ratinij, aulc-

riorK with iucrcasinti si/e. i'oslerioi' l)\ssus retractor

comprisiiin 2 |)rinciplc dixcrtiinn muscle liuudles with

common base at base ol l)\ssus: anterior bundle bioad

est. dcsccndiii'^ at a \ci"\ low au'^lc to lou'j;itn(linal shell

axi.s Irom attachment jioint at .ibout mid-shell length:

poslericu' bundle ihiuuta'. extrcmcK' lou'j;. extending

aboiil parallel In lou'.iilndui,il shell axis to .ittachmcnt

point jiisl in hdiil ol posterior adductor. Two additional

\er\ thin bimdies attached between anterior and ]iostc-

rioi- bundles: attachment |ioints \ar\in!^ somewhat Irom

specimen to spi'cimcu. I'osleiioi- loot retractor \er\ lon'4.

passiiiti^ Irom anterior side ol loot b.isc. bchiu<l base ol

anterior idraclor muscles, towards anterior bundle ol

postcrioi" b\ssus retractor. rcacliin<4 attaclnucnt point

closcK a|ipressed to bundle lor onK a \erx short part ol

its leuLith, l,;ibi,il palps irrciiuhu'. uarrow-trianifniar. \ci-\

small m adult spe(ameus laulcrior paljis 2-5 nun Ioul;

• md posterior pair about S nun lon'j; iii a 270 nun spec-

imen'. |-clati\cK slii^htK lart^cr in juM-nile and hall-

i^rown specimeiis i posterior palps about o.o nun lout^ In

a 77 mmspeeimeii'. juleslm.il had narrow. Slomacli

situ. lied belxseeu lirsl .md second t|uartei"s ol shell

leu'.^lh. small in rel.ilKin to sliell si/e. r.llhi i sunple. lliiu-

walled. with ,i sin, ill. i.idiei poorK delined anterior

chamber: posli rioi cli.unbci loniicr and broader: S di-
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Figure 42. Hatli\iiictnc tliart s1iii\mii'4 Incalidiis (it Kiiiiilili' III and HuniMc \' Miliiiiarinc \oicanocs. (•ollecting sites for G!grtii/)V/rt.<;

ll^ludiii^ new spi'ciis Isdliatlis at IIIIKI in nitinaU- scallodr 21)0(1 ni and slialldwrr sliadcd. Base map Cdiirtcsv XIW'A 'adapted).

i^cstiNc (lixcrtifiilinii laitraiKi's \isililc, .! at end of ante-

I'iiir elianiliei". o in piisteriiir eliamhei (speeinien exam-

ined eontanied nniens (inK ). St\ le sae and niitlij;nt ciin-

|i)iiied, Majiir txpldiisnle passing from midqnt alonii; flour

ol posterior eliainlier to someuliat l)eliind anterior

chandler: slndiow depression corresponding to l(dt

piHicli on posterioi' left side. (Gastric sineld not detected.

Midgnt extending posteriorJN straight and medialK honi

stomach, passing nnder \'entricle, then tnrning npwards

and entering ventricle withont an\ coiling or loop, pass-

ing behind heart nwv posterior addnctor and on poste-

rior side ol addncloi' tuiiimg \eiitialK, anus at mid-di-

ametei' ol adductor Heart lalhei" uairow. situated wt'll

posteriorK, its long amides lused postcriorK just in Iront

of posterior adductor, extending anteriorK m loii^ and

narrow lolies to undpoint ol shell ni.uitle length,

T\pe Material: llolotxpe \l\\'.\ Il.T^JO (pair, pre-

sened in alcohol i ami paratxpes \\I\Z .\I.1549SS (5).

\I\V..\ P.I24fi (7), MNHX(2), all Innii txpe localitx": 24

\la\ 2001, \\/\' Taix^iiroa (stn 107/2:30). Paratxpes: Rnm-
lile 111 suhmarine xolcano, S Kermadec Ridge. 35°44.47'
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Figure 4.'?.

lar<j;i'si iiiiiss(

spccii'.s ol (Ik

C'f^iinliiliis ^Iddiiis lieu sjiccics in situ on Knnililc III Milcnii), .3.S6 m. 22 .\la\ 201)1 iMWA sta. TAX 107/152). Tlic

Is in llic lorctiionnd at Idwcr ri<;lit anti at top Icll iciitrc are 25()-.30() nnn lousj. The starfish is a ni-w ni^niis and

.\stca'idai- (D.(;. .\Ic'Kius;lit, pcrs. coinni.). From rolor photograph taken In remote camera (conrtesN' N'lWVV).

Tabic 2. Ci'j^iinlidiis •Jutliiis new species. Shell nicisnrenienis

(mm,
I and proportions.
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ral)li' 3. I'liKeliaclr \Mlllll^ \Hrii)iiliipitlijiiiH- sp ' assiH-ialril

with ('•ifiiiiilidiis ij^liidiiis new spccio-s.

Shell Wonii

leiK'th Icir'th

(icatidii III wiinii w iliiiii

iiiiissi'l, anil pathi)liii;\

316.0 11 II 1

1

.v^ nun

2SS.(I nnii 1.1 null

27 1 ,1) nun .-IV) inni

27011 iniii .ill linn

260.0 inni 35 nnii

253.5 nun 40 iimi

24S.O iniii 34 iiiiii

9 mm
244.0 mm 37 mm

245.5 mm .50 mm

2.31 .0 mm 34 nim

216.5 mm 31 mm

206.5 mm 23 mm

In Iniiil III liint lietwft'ii rii;ht I'tc-

iiiilnnii ilcmihranehs

Hiliiw piistiTJur aililiR-tiir

Antrniu hall \\ itli iiiir riiil al iiiiil-

shrll Infill

\iiitral siili' III liiiit ll^'^ioll^ iiii ctc-

mdia liiitli Milis'

Postri'iiii end. Wiiiins piisli-nm

against po.stfriiir aclductcir

Risjlit side between Inssns and ete-

nidia (lesions mi eteiiidi.i Imlli

sides 1

Beh\eeii anterior lip ol loot and an-

tenor addnetor

Beside tile adult worm
Hind end at inid-shell length, head

posteiioi'

Near niiintli, with head toiiehinii

palps (lesion

)

Between tip of loot and anterior ad-

ductor (lesion on lit^lit mantle

edije 1

In opening abo\e muuth, ahont 15

mmof worm projecting; posteriorK

.-\bo\i' ctenidia on rit;lit side at Ins-

sns level

Distribution (Figure 42): Siilniianiie \iiieaiii)es. Ker-

iiiadcc Ridjfe, NE New Zi'alaiid. 21(-i-755 in, slialluwest

occurrence unclear (ohtaiued In dred^iiii^ iipslnpe).

tluiuiji certainK- as shallow as 350 in.

Biotope: lli'j;li pnpiilatioii densities at siilpliiii-rich li\-

drotliermal sprinj^s on acti\i' snlniiarine volcanoes (Fig-

ure 42). Dretly;e hauls containiiuj; this mussel included

elemental sulphur and smelled stroiitiK of it. snu^estinij;

that the niussers nourishment in\(il\es chemosNiitliesis

h\ sulphiir-o\idizin<j; sxniliiotic bacteria concentrated in

the extremeK enlarged 'j;ills,

EtA'iiiologN : So iiaiiied lietaiise ol its blade-shaped

\al\es Latin ',

Kt'niarks: ('.i!j,iiiiti(lfi\ 'Jiulins is eurreiitk the second

largest Ihing mxtilid known, being onK sli^btK sm-

passed in leiiiith b\ Bdlhijiuoil'ioliis hdomcrdii'j^ (shell

length .3 Hi mill. \s, .37(1 mm'. B(illii/iiiii(/i('lii\ Intiniwr-

(iiiii. lio\\e\er, is a true Biilliiinunliolu.s species with a

siphonal membrane and a posterior retractor with oiiK

two muscle bimdles. and is iiincli higher [losteiioiK. and

iiunv strongK cur\ed aiiterioiK. ()tlicr major distiii-

gnishiiig characteristii's ol (; 'Judliis are the attachment

of the anterior retr.ictor well in timit ol the iimbonal

ca\it\" directK abose the anterior adductor, rather than

somewhere within the iimbonal ca\it\ as in Bfitlnimn-

(liiilii\ speiies. and the imitinij; ol tile anterior addnctoi'

• mil retrac'tor scars, which are separate in Biilln/iiiodiohis

species

\ll I I intact adult hpe speeimeiis ol C. 'Jddius con-

tained a poKehaete of the genus Hrdiicliipoh/iioi'. On
opening the mussels, the worm was lountl situated at

\arious sites within the mantle ca\it\ (Table 3'. some
cansiii',^ lesions on the mantle edge or in the mouth re-

gion. ( )ne mussel e\eii had a worm projecting from the

openiiiL; into the dorsal nianlle ea\it\ above the mouth.

Thus the mussel is often traiimati/ed In the poKcliaete

iBritawN et al., 2()()1),
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